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MICRO-ELECTROMECHANICAL HINGED 
FLAP STRUCTURE 

TECHNICAL HELD 

The invention relates generally to micro 
electromechanical systems (MEMS) or micro-optical 
electromechanical systems (MOEMS). More particularly, 
the invention is directed to a micro-electromechanical 
hinged ?ap structure. 

BACKGROUND OF THE INVENTION 

MEMS and MOEMS systems (hereafter “MEMS”) com 
bine electronics With micro scale mechanical devices, result 
ing in microscopic machinery, such as sensors, valves, gears, 
mirrors, and actuators embedded in semiconductor chips. 
The MEMS manufacturing process is similar to that used in 
the semiconductor industry, Wherein silicon Wafers are pat 
terned via photolithography and etched in batch processes. 

Most MEMS devices are limited to tWo-dimensional 

(hereafter “2D”) structures; that is, structures that appear in 
tWo dimensions, typically in a horiZontal plane, With limited 
extension to a third dimension, typically a vertical plane. 
HoWever, three-dimensional (hereafter “3D”) MEMS struc 
tures may be desirable for some applications, particularly in 
optical systems on a chip Where 3D micro-optical compo 
nents are needed. Examples of 3D micro-optical compo 
nents include laser collimators, tunable lasers, tunable 
?lters, beam steering re?ectors, corner cube re?ectors, and 
tunable Fabry-Perot etalons. Assembly processes have, 
therefore, been developed to construct 3D microstructures 
from 2D shapes formed using basic MEMS manufacturing 
technology. 

In general, such assembly methods are performed on 
devices either serially, i.e., assembling one component at a 
time, or in parallel, i.e., assembling multiple components 
simultaneously. 3D assembly may also occur once or mul 
tiple times during manufacture, as Well as singly or in a 
batch process. Batch assembly is typically preferred since it 
retains the economic ef?ciencies inherent in batch MEMS 
fabrication techniques. 

Furthermore, the assembly process may be manual, such 
as by placing a vertical component directly onto a horiZontal 
substrate, or automated Where a 3D structure is self 
assembled With minimal human intervention. Manual 
assembly is generally restricted to the research and devel 
opment environment, since it is a time-consuming and 
loW-yield procedure, Whereas automated assembly is gen 
erally reserved for a high-yield manufacturing environment. 
Automated self-assembly is suitable for batch assembly in a 
manufacturing environment, particularly for on-chip sys 
tems that have a high density of 3D structures, Which are to 
be assembled in parallel. An example of such a 3D auto 
mated assembly process is disclosed in US. Pat. No. 6,166, 
478 to Yi et al. (hereafter “Yi”), Which is incorporated herein 
by reference. 

Likewise, automated self-assembly of 3D MEMS struc 
tures can be performed by poWered or poWerless assembly 
processes. PoWered assembly forms 3D structures by con 
suming external energy in such forms as electrostatic force 
(see Bibliography 1), magnetic force (see Bibliography 2), 
LorentZ force (see Bibliography 3), thermal bimorph (see 
Bibliography 4), and fuel that poWers a microengine (see 
Bibliography 5). PoWerless assembly assembles the 3D 
structures by applying a speci?c material to the structures 
and inducing deformation or surface tension of the speci?c 
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2 
material. Common materials used for the poWerless process 
include solder6, polymer7, etc. Examples of the abovemen 
tioned poWered and poWerless assembly processes can be 
found in the references listed in the bibliography section 
beloW. 

In addition, both hinged and hingeless structures are able 
to be self-assembled to form 3D structures. An example of 
a hinged structure can be seen in Yi, Which teaches a method 
for assembly of MEMS systems using magnetic actuation. 
FIGS. 1A and 1B are isometric vieWs of prior art MEMS 
systems 100 and 120 shoWn and described in the Yi patent. 
Yi teaches a MEMS system that includes at least tWo hinged 
?aps, namely a primary ?ap 102 or 122, and a secondary ?ap 
104 or 124. Each ?ap includes a different amount of Per 
malloy or other magnetic material 106 or 126 af?xed thereto. 
Furthermore, the ?aps are hinged to a substrate at hinges 108 
and 110, or 130 and 132. The ?aps are hinged at an angle to 
each other, and are rotated out of the plane of the Wafer 
substrate When placed in a magnetic ?eld of suf?cient 
strength. When placed in an increasing magnetic ?eld, the 
?aps are raised asynchronously, at different times, due to the 
different amounts of Permalloy used in the ?aps. As they are 
raised, the ?aps interact With each other and become 
interlocked, as shoWn in FIGS. 1A and 1B. 
Due to the nature of MEMS manufacturing, shafts of any 

hinge 108 and 110, or 130 and 132 are typically square or 
rectangular in cross-section; see FIG. 6. This necessitates 
creating large clearance spaces Within the hinge to alloW the 
shaft to rotate. Each shaft is attached to, or forms part of, 
each rotatable ?ap. HoWever, these large clearance spaces 
lead to ?aps that are unstable and that can shift in their 
hinges in both X 112 and Y 114 directions. This dramatically 
affects the hinge tolerances, thereby negatively affecting the 
tolerance of the primary ?ap With respect to the vertical. In 
typical applications, it is desirable that the primary ?ap be as 
close to vertical as possible, such as Within 0.03 degrees. 
HoWever, With the above described system, if a secondary 
?ap shifts as little as 3—5 micrometer longitudinally Within 
its hinge, and the distance betWeen Where the secondary ?ap 
is connected to the primary ?ap and the secondary ?ap’s 
hinge is 300 micrometer aWay (vertically), the angular error 
of the primary ?ap to the vertical can be as much as 

arctan(4/300)=0.76 degrees. 
Moreover, once assembled, the secondary ?aps 104 or 

124 interlock With the primary ?ap 106 or 122 to hold the 
primary ?ap in an assembled position. The secondary ?aps 
104 or 129 are, hoWever, substantially free to rotate aWay 
from the primary ?ap 106 or 122 and, thereby, release the 
primary ?ap from their interlocked position. The only Way 
the primary ?ap is held in position is by the use of scissor 
hinges, Which use a cantilevered staple to exert a retaining 
force on the primary ?ap. A detailed description of scissor 
hinges can be found beloW in relation to FIG. 6. The scissor 
hinges, hoWever, do not provide enough force on their oWn 
to secure the primary ?ap in position, hence the use of the 
secondary ?aps. Furthermore, scissor hinges alone cannot 
ensure that the primary ?ap is vertical enough. The vertical 
angle of the primary ?ap is basically constrained by the 
etched edge of the primary ?ap and the etched surface of the 
substrate. In addition, the scissor hinge only secures the 
bottom of primary ?ap. Air damping or shock may push the 
primary ?ap back to the horiZontal plane. 

Moreover, the secondary ?aps are only held in position by 
friction forces betWeen the secondary ?aps and the primary 
?ap. This leads to an untenable position Where should the 
system undergo a shock, such as by being bumped, the 
secondary ?aps Will rotate aWay from the primary ?ap, 
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allowing the primary ?ap to rotate out of its vertical position, 
thereby destroying the 3D structure. Therefore, the system 
disclosed in Yi does not provide a suitable solution for 
securing secondary ?aps into an accurately controlled posi 
tion in a 3-D MEMS structure. 

In light of the above, a need exists for a 3-D MEMS 
structure that includes a system of ?aps that can be 
assembled through automated self assembly, While perma 
nently and accurately maintaining the positions or angles of 
the ?aps. 

SUMMARY OF THE INVENTION 

To address the draWbacks associated With the prior art, a 
micro-electromechanical hinged ?ap system is provided. 
The micro-electromechanical hinged ?ap system includes a 
substantially horiZontal substrate and a main ?ap hinged on 
one side thereof to the substrate. The system also includes at 
least one locking ?ap, preferably tWo, for securing the main 
?ap in a substantially vertical position. The locking ?ap is 
coupled to the substrate by means of a biasing mechanism 
that continually forces the locking ?ap toWard a position 
parallel to the substrate. The biasing mechanism is prefer 
ably a torsion bar or a bending mode spring, i.e., a mechani 
cal spring, such as a cantilevered arm. The main ?ap is 
preferably hinged to the substrate along a hinge axis that is 
substantially perpendicular to a rotational axis of the locking 
?ap. 

Also provided is a method for assembling a micro 
electromechanical hinged ?ap system. The method starts 
With an unassembled and relaxed 2D system that mechani 
cally responds to an external source, such as a magnetic ?eld 
or a change in temperature. Alocking ?ap is rotated through 
an acute angle against a biasing force. The biasing force is 
caused by a biasing mechanism coupling the locking ?ap to 
a substrate. Amain ?ap is then raised, Whereafter the locking 
?ap is released, such that the biasing force causes the 
locking ?ap to engage With the main ?ap, thereby securing 
the main ?ap in position at the predetermined angle. 

Externally applied forces induce torque forces on the 
main and locking ?aps, rotating all the ?aps to the desired 
positions and angles. This self-assembly process can be used 
in batch assembly or individual assembly for 3D micro 
structures on a chip or Wafer. Once the systems are 
assembled by this process, they can sustain their positions or 
angles permanently, or they can be disassembled to their 
original 2D form. 

The biasing force of each locking ?ap applies equal and 
opposite biasing forces to opposite sides of the main ?ap, 
preventing lateral motion of the main ?ap. Also, once fully 
engaged, alignment guides on each locking ?ap prevent 
lateral motion of the main ?ap. Therefore, locking ?aps 
together With a hinge coupling the main ?ap to the substrate, 
substantially increase the stability of the main ?ap in the 3D 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the nature and objects of the 
invention, reference should be made to the folloWing 
detailed description, taken in conjunction With the accom 
panying draWings, in Which: 

FIG. 1A is an isometric vieW of a ?rst prior art ?ap 
system; 

FIG. 1B is an isometric vieW of a second prior art ?ap 
system; 

FIG. 2 is a top vieW of an unassembled micro 
electromechanical hinged ?ap system according to an 
embodiment of the invention; 
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4 
FIGS. 3A to 3F are isometric vieWs of the micro 

electromechanical hinged ?ap system shoWn in FIG. 2, in 
different stages of assembly; 

FIG. 4 is a top vieW of an unassembled micro 
electromechanical hinged ?ap system according to another 
embodiment of the invention; 

FIG. 5 is top vieW of an unassembled micro 
electromechanical hinged ?ap system according to yet 
another embodiment of the invention; 

FIG. 6 is a partial cross-sectional vieW of a scissor hinge 
system according to an embodiment of the invention; 

FIG. 7 is a partial cross-sectional vieW of a system for 
aligning a main hinge according to another embodiment of 
the invention; 

FIG. 8 is a top vieW of an unassembled micro 
electromechanical hinged ?ap system shoWing stress 
relieving mechanisms according to another embodiment of 
the invention; and 

FIG. 9 is How chart of a method for assembling a 
micro-electromechanical hinged ?ap system according to an 
embodiment of the invention. 

Like reference numerals refer to corresponding parts 
throughout the several vieWs of the draWings. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

For ease of explanation, a set of common axes Will be 
used throughout this description. In addition, any reference 
to “horizontal” refers to a plane substantially parallel With a 
substrate 202 (FIG. 2), While any reference to “vertical” 
refers to a plane substantially perpendicular to the substrate. 
Furthermore, the embodiments described beloW are prefer 
ably MEMS structures etched from a silicon Wafer, but 
alternatively may be any micromechanical system. By 
MEMS it is meant any structure that is etched in a Wafer and 
freed by the undercutting of structures, structures created 
from deposited thin ?lms and freed by removing sacri?cial 
layers, or any combination of the aforementioned. The 
MEMS structures can be made using any publically avail 
able processes, such as those practiced by Sandia National 
Laboratories, or Microelectronics Center of North Carolina 

(MCNC). 
FIG. 2 is a top vieW of an unassembled micro 

electromechanical hinged ?ap system 200 according to an 
embodiment of the invention. A main ?ap 204 is preferably 
hinged, by at least one hinge 218, to a substrate 202. The 
substrate 202 is preferably the upper surface of a silicon 
Wafer. Unassembled, the substrate 202 is substantially 
co-planer With a horiZontal plane formed along a X—Y plane 
(220 and 222). The hinges 218 are preferably spring-loaded 
structures, such as scissor hinges, described in further detail 
beloW in relation to FIG. 6, but may alternatively be any type 
of suitable hinge. Preferably, the hinges 218 essentially 
consist of a spring loaded mechanism passing through an 
opening 216 near one edge of the main ?ap 204, Which 
alloWs the main ?ap to rotate about a hinge axis 210. 
The unassembled micro-electromechanical hinged ?ap 

system 200 also includes at least one, preferably tWo, 
locking ?aps 206. Each locking ?ap is rotatable about a 
locking ?ap axis 212, Which in the preferred embodiment is 
perpendicular to the hinge axis 210. The locking ?aps 206 
are coupled to the substrate 202 by means of a biasing 
mechanism 208. The biasing mechanism 208 continually 
forces the locking ?ap 206 toWard a position parallel to said 
substrate 202, i.e., toWards the locking ?aps assembled 



US 6,543,087 B2 
5 

horizontal position. In a preferred embodiment, the biasing 
mechanism 208 is a torsion bar, Which is a rod or bar that 
resists tWisting and has a strong tendency to return to its 
original position When tWisted. The torsion bar, therefore, 
restores and provides a spring force to the locking ?ap to 
bias the ?ap into its relaxed and unassembled position 
shoWn in FIG. 1. The torsion bar is preferably coupled to the 
substrate 202 at its distal ends 224, thereby reducing any 
shifting of the locking ?aps Within their hinges. By applying 
a torque force opposite to that of the biasing force, the 
locking ?aps 206 may be rotated out of a horiZontal plane, 
i.e., parallel to the substrate. On release of the applied torque 
force the locking ?ap 206 Will tend to return to its relaxed 
and unassembled position, shoWn in FIG. 2. 

Moreover, the main ?ap 204 is preferably shaped to alloW 
the unassembled locking ?aps to be disposed on a side of the 
main ?ap 204 that is hinged to said substrate. Therefore, the 
main ?ap’s shape can generally be described as “T” shaped. 

The main ?ap 204 and the locking ?aps 206 may also 
include tabs thereon. The tabs interact With external sources, 
such as a magnetic ?eld, electric ?eld, or temperature, Which 
are used to assemble the 3D structure, as described in further 
detail beloW in relation to FIGS. 3A—3F. In a preferred 
embodiment, the tabs are made from a ferrous metal, such as 
a permalloy or memory alloy. Alternatively, the tabs may 
themselves generate a non-contact force, including but not 
limited to a magnetic force, electrostatic force, or a LorentZ 
force. A force generated betWeen a ?ap and an external 
source, such as a magnetic attraction force, imposes a torque 
on the ?aps, rotating the ?aps out of a horiZontal plane, i.e., 
parallel to the substrate 202. The same force may also be 
used to impose a translational force on the ?aps, sliding 
them along the substrate 202. 

Each locking ?ap 206 preferably also includes alignment 
guides 226 for engaging With side edges 228 of the main ?ap 
204 during the assembly of the 3D structure. The alignment 
guides 226 are preferably centered on the hinge axis 210, so 
that displacement along the Y-axis 222 betWeen a contact 
point of the locking ?ap 206 and the main ?ap 204 With 
respect to the axis 210 is eliminated. As a result, no angular 
misalignment is generated. In addition, each alignment 
guide 226 is preferably shaped to force the main ?ap 204 
into a vertical position during assembly, as described beloW 
in relation to FIGS. 3A—3F beloW. The shape of the align 
ment guides can generally be described as “V” or “U” 
shaped. 

FIGS. 3A to 3F are isometric vieWs of the micro 
electromechanical hinged ?ap system shoWn in FIG. 2, 
during various stages of assembly. FIG. 3A shoWs the 
micro-electromechanical hinged ?ap system in its unas 
sembled position. FIG. 3B shoWs the micro 
electromechanical hinged ?ap system With the locking ?aps 
partially raised. FIG. 3C shoWs the micro-electromechanical 
hinged ?ap system With both the main ?ap and the locking 
?aps partially raised. FIG. 3D shoWs the micro 
electromechanical hinged ?ap system With the locking ?aps 
completely raised and With the main ?ap partially raised. 
FIG. 3E shoWs the micro-electromechanical hinged ?ap 
system With the locking ?aps and the main ?ap completely 
raised. FIG. 3F shoWs the micro-electromechanical hinged 
?ap system With the main ?ap completely raised to a desired 
position and With the locking ?aps released so that they 
engage the main ?ap to secure the main ?ap in the desired 
position. The main ?ap is preferably raised through approxi 
mately ninety degrees to a vertical position, While the 
locking ?aps are preferably rotated through an acute angle. 

Accurate positioning of the main ?ap 204 (FIG. 2) is 
preferably provided by the alignment guides 226 (FIG. 2). 
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Once the external forces are removed, the biasing forces 
cause the locking ?aps 206 (FIG. 2) to rotate back toWard 
their horiZontal positions. This rotation of the locking ?aps 
toWard their original position engages the alignment guides 
With the edges 228 (FIG. 2) of the main ?ap and, thereby 
forces the main ?ap into the desired position, typically 
perpendicular to the substrate, i.e., vertical. Therefore, even 
if the main ?ap is not perfectly vertical, the “V” shape of 
each alignment guide forces the main ?ap into a vertical 
position and secures the ?ap in place. This can be seen in 
FIGS. 3E and 3F after the maximum external force has been 
applied to each locking ?ap. 

Moreover, the biasing force of each locking ?ap applies 
equal and opposite biasing forces to opposite sides of the 
main ?ap, preventing lateral motion of the main ?ap in the 
X direction 220 (FIG. 2). Also, once fully engaged, the 
alignment guides 226 (FIG. 2) prevent lateral motion of the 
main ?ap in the Y direction 222 (FIG. 2). The locking ?aps, 
therefore, substantially increase the stability of the main ?ap 
in its hinges 218 (FIG. 2). 

FIG. 4 is a top vieW of an unassembled micro 
electromechanical hinged ?ap system 400 according to 
another embodiment of the invention. Although various 
additional components are shoWn together in this FIGURE, 
it should be understood that each component may be used on 
its oWn or in combination With other components. Each 
locking ?ap 206 includes a hinge 402 coupling the locking 
?ap 206 to the substrate 202 (FIG. 2). The hinge 402 may 
provide further stability in the X direction. The hinge 402 is 
preferably a staple hinge. 

The main ?ap 204 may also include a main ?ap biasing 
mechanism 404, such as a torsion bar, to retain the main ?ap 
in the unassembled position before manufacture, and to 
provide further stability in the X and Y directions. 

FIG. 5 is a top vieW of an unassembled micro 
electromechanical hinged ?ap system 500 according to yet 
another embodiment of the invention. In this embodiment, 
the locking ?aps 504 include another type of biasing 
mechanism, namely a bending mode spring 502, such as a 
cantilevered arm. The bending mode spring 502 is prefer 
ably a projecting beam, that is coupled to the substrate 202 
(FIG. 2) at a ?rst end 506 thereof and is coupled to the 
locking ?ap 504 at a second end thereof. The thickness and 
length of the bending mode spring 502 is chosen to supply 
a desired biasing force on the locking ?ap 504. Other 
considerations include limiting the length of the bending 
mode spring to maintain a compact structure. The bending 
mode spring 502 provides a spring force to bias the locking 
?ap in its unassembled position, i.e., the horiZontal position 
shoWn. In use, the locking ?ap is bent upWard toWard the 
vertical and thereafter released once the main ?ap 204 has 
been positioned, thereby, engaging With the main ?ap 204 to 
secure it into position. 

FIG. 6 is a partial cross-sectional vieW of a scissor hinge 
system 600 according to yet another embodiment of the 
invention. In this embodiment, the main ?ap 204 is secured 
to the substrate 202 by means of a scissor hinge 602. The 
scissor hinge 602 comprises a cantilever beam 604 that 
passes through the openings 216 near one side of the main 
?ap 204. A portion of the main ?ap under the cantilever 
beam 604 acts as a shaft 606. As mentioned above, due to the 
nature of MEMS manufacturing such shafts 606 are typi 
cally square or rectangular in cross section. 

In the absence of an external force, the main ?ap 204 lies 
in a horiZontal, relaxed, and unassembled position on or near 
the substrate 202. HoWever, When a suf?cient external force, 
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such as a magnetic ?eld, is applied to the system, the main 
?ap 204 is raised as shown in FIGS. 3A to 3F. When the shaft 
606 engages the cantilever beam 604, the cantilever beam 
604 bends away from the substrate 202 while applying a 
downward force on the shaft 606, effectively pinching the 
shaft between the cantilever beam 604 and the substrate 202. 
Once the main ?ap 204 has been fully rotated into a position 
substantially perpendicular to the substrate, the hinge either 
applies no, or little force against the shaft 606. Further 
rotation of the main ?ap would necessitate again applying an 
external force to the main ?ap 204. In this way, the scissor 
hinge provides some means for temporarily ?xing the main 
?ap in the vertical position. In a similar manner, a scissor 
hinge may be used in combination with a locking ?ap 206, 
as shown and described in relation to FIG. 4. 

FIG. 7 is a partial cross-sectional view of a system 700 for 
aligning a main ?ap 702 according to yet another embodi 
ment of the invention. A main ?ap 702 is coupled to a 
substrate 708 by means of a hinge. The hinge preferably 
comprises a staple or bending spring 704 coupled to the 
substrate 708, and a shaft 706 coupled to the main ?ap 702, 
such that the shaft can rotate within the hinge, i.e., within the 
staple or bending spring 704. Typically, the main ?ap 702 is 
rotated to a position that is coincident with axis 712. 
However, it has proven dif?cult to align the main ?ap 702 
close to axis 712, as the main ?ap is free to slide along the 
Y-axis due to the undesirable tolerances that exist in MEMS 
hinges (described above). For this reason, it is desirable to 
translate the main ?ap 702, and its shaft 706, to an extreme 
position within the hinge, i.e., to move the shaft to one side 
of the hinge. In this way, raising of the main ?ap 702 to a 
position coincident with a new axis 714, is more accurately 
controlled. 

The main ?ap 702 is typically translated by applying a 
force 710 to the main ?ap in a desired translation direction. 
In a preferred embodiment, this force 710 is applied by an 
external spring force, such as that generated by another 
MEMS spring, for example another ?ap and torsion bar 
mechanism. Moreover, the center of the locking ?aps 206 
(FIG. 2), more particularly the center of the alignment 
guides 226, are now positioned to accurately coincide with 
the new axis 714. 

FIG. 8 is a top view of an unassembled micro 
electromechanical hinged ?ap system 800 showing stress 
relieving mechanisms 802 according to another embodiment 
of the invention. The stress-relieving mechanisms 802 are 
coupled to a main ?ap 804 to ensure that the main ?ap 804 
is not deformed by biasing forces directed at the main ?ap 
804 by locking ?aps 806 when the micro-electromechanical 
hinged ?ap system 800 is in its assembled position. Each 
stress-relieving mechanism 802 preferably includes a land 
ing surface 808 for each respective locking ?ap 806 to 
engage with, and a simple truss structure 810 to more evenly 
distribute the biasing force directed at the main ?ap 804. The 
stress-relieving mechanisms 802, therefore, distribute stress/ 
force on the main ?ap 804 from a point-load to several, 
smaller forces along opposing sides of each main ?ap. This 
helps maintain the ?atness of the main ?ap, i.e., the main 
?ap, although being very thin, does not warp. Moreover, the 
simple truss structure 810 can also absorb some deformation 
energy applied by the biasing force through deformation 
or/and twist of each truss of the simple truss structure 810. 

FIG. 9 is How chart of a method 900 for assembling a 
micro-electromechanical hinged ?ap system according to an 
embodiment of the invention. Firstly, a two-dimensional 
structure is manufactured 902, preferably by known photo 
lithography and etching processes. The locking ?ap 206 
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(FIG. 2) is then rotated 904 through an acute angle against 
a biasing force caused by the biasing mechanism 208 (FIG. 
2) or 502 (FIG. 5) coupling the locking ?ap to the substrate 
202 (FIG. 2). Additionally, the locking ?ap is preferably 
rotated 904 to a position that will not block the rotation of 
the main ?ap 204 (FIG. 2). The main ?ap is then raised 906, 
preferably by rotating it through approximately ninety 
degrees. Finally, the locking ?ap is released 908 , such that 
the biasing force causes the locking ?ap to engage with the 
main ?ap, thereby, securing the main ?ap in a substantially 
vertical position. 

The method may further comprise rotating an additional 
locking ?ap through an acute angle against a biasing force 
caused by an additional biasing mechanism coupling the 
additional locking ?ap to the substrate. The rotation of the 
additional locking ?ap preferably occurs simultaneously 
with the rotation of the locking ?ap. Releasing the locking 
?ap and the additional ?ap cause the locking ?ap and the 
additional locking ?ap to engage with the main ?ap on either 
side thereof, thereby, securing the main ?ap in position 
between equal and opposite biasing forces. 

The rotation 904 of the locking ?ap is preferably accom 
plished by magnetically attracting 912 the locking ?ap to a 
magnetic source. Likewise, the raising 906 of the main ?ap 
is preferably accomplished by magnetically attracting 910 
the main ?ap to a magnetic source. These attractive forces 
are preferably generated between the tabs and the magnetic 
source. 

Furthermore, if spring-loaded structures, such as scissor 
hinges 602 (FIG. 6), are used, the raising step 906 and/or the 
rotating step 904 overcome a biasing force caused by the 
spring-loaded structure. 

In addition, if the embodiment shown and described in 
FIG. 7 is used, an additional step of translating the main ?ap 
in a direction parallel to the substrate is undertaken. Trans 
lation of the main ?ap occurs by applying the force 710 
(FIG. 7) to the main ?ap in a desired translation direction. In 
a preferred embodiment the force is applied by an external 
spring force, such as that generated by another MEMS 
spring. 
To summariZe, the above described self-assembly method 

starts with an unassembled and relaxed 2D system that 
mechanically responds to an external source, such as a 
magnetic ?eld or a change in temperature. The externally 
applied forces induce torque forces on the main and locking 
?aps, rotating all the ?aps to the desired positions and 
angles. Once the main ?ap is in position, the locking ?aps 
are released to hold the main ?ap in position after the 
external source is removed. This self-assembly process can 
be used in batch assembly or individual assembly for 
creating 3D structures on a chip or wafer. Once the systems 
are assembled by this process, they can maintain their 
positions or angles permanently, or they can be disassembled 
to their original 2D form. Although disassembling the sys 
tem is possible, it is not as easy as assembling the system, 
thereby having the advantage of providing a robust system 
having a high reliability in the ?eld. Disassembly may be 
manual or automatic. To disassemble manually, microprobes 
may be used to pull back each locking ?ap and force the 
main ?ap into a horiZontal position. To disassemble via 
external forces, a vertical ?eld is applied to raise the locking 
?aps and a horiZontal ?eld is applied simultaneously to force 
the main ?ap away from its vertical position held by a 
spring-loaded structure, such as a scissor hinge. 

In a preferred embodiment, a single magnetic ?eld is 
applied to the system. Because locking ?aps preferably 
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include more permalloy than the main ?ap does, the locking 
?aps start rising ?rst, but are only partially raised When the 
main ?ap starts its ascent. This can be seen in FIG. 3A—3F. 
It should be further appreciated that the sequence of raising 
the ?aps is not essential, as long as the locking ?aps are ?rst 
raised out of the path of the ascending main ?ap. 

The foregoing descriptions of speci?c embodiments of the 
present invention are presented for purposes of illustration 
and description. They are not intended to be exhaustive or to 
limit the invention to the precise forms disclosed, obviously 
many modi?cations and variations are possible in vieW of 
the above teachings. The embodiments Were chosen and 
described in order to best eXplain the principles of the 
invention and its practical applications, to thereby enable 
others skilled in the art to best utiliZe the invention and 
various embodiments With various modi?cations as are 
suited to the particular use contemplated. Furthermore, the 
order of steps in the method are not necessarily intended to 
occur in the sequence laid out. It is intended that the scope 
of the invention be de?ned by the folloWing claims and their 
equivalents. 
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What is claimed is: 
1. A micro-electromechanical hinged ?ap system com 

prising: 
a substantially horiZontal substrate; 
a main ?ap hinged on one side thereof to said substrate; 

and 
at least one locking ?ap for securing said main ?ap in a 

substantially vertical position, Where said locking ?ap 
is coupled to said substrate by means of a biasing 
mechanism that continually forces said locking ?ap 
toWard a position parallel to said substrate. 

2. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said biasing mechanism comprises at least 
one locking ?ap torsion bar coupled on a side thereof to said 
locking ?ap , and coupled on another side thereof to said 
substrate. 

3. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said biasing mechanism comprises a bend 
ing mode spring coupled on a side thereof to said locking 
?ap, and coupled on another side thereof to said substrate. 

4. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said biasing mechanism comprises: 

at least one locking ?ap torsion bar coupled on a side 
thereof to said locking ?ap, and coupled on another side 
thereof to said substrate; and 

a bending mode spring coupled on a side thereof to said 
locking ?ap, and coupled on another side thereof to said 
substrate. 

5. The micro-electromechanical hinged ?ap system of 
claim 1, further comprising an additional locking ?ap 
coupled to said substrate, Where said additional locking ?ap 
is disposed n ear an opposing side of said main ?ap to Where 
said locking ?ap is disposed. 

6. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said main ?ap is hinged to said substrate 
along a hinge aXis that is substantially perpendicular to a 
rotational aXis of said locking ?ap. 

7. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said main ?ap is hinged to said substrate by 
means of multiple hinges. 

8. The micro-electromechanical hinged ?ap system of 
claim 7, Wherein said multiple hinges are spring-loaded 
structures. 

9. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said main ?ap is additionally coupled to 
said substrate by means of an additional torsion bar. 

10. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said locking ?ap is additionally coupled to 
said substrate by means of an additional hinge. 

11. The micro-electromechanical hinged ?ap system of 
claim 10, Wherein said additional hinge is a staple hinge. 

12. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said main ?ap and said locking ?ap also 
include a ferrous metal tab con?gured to attract a magnetic 
source. 

13. The micro-electromechanical hinged ?ap system of 
claim 1, Wherein said main ?ap includes a stress relieving 
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mechanism that distributes a biasing force directed at said 
main ?ap from said locking ?ap. 

14. A method for assembling a micro-electromechanical 
hinged ?ap system, comprising: 

rotating a locking ?ap through an acute angle against a 
biasing force caused by a biasing mechanism coupling 
said locking ?ap to a substrate; 

raising a main ?ap; 
releasing said locking ?ap, such that said biasing force 

causes said locking ?ap to engage With said main ?ap, 
thereby, securing said main ?ap in position at a prede 
termined angle. 

15. The method of claim 14, Wherein said rotating further 
comprises rotating an additional locking ?ap through an 
acute angle against a biasing force caused by an additional 
biasing mechanism coupling said additional locking ?ap to 
said substrate. 

16. The method of claim 15, Wherein said releasing 
further comprises releasing said locking ?ap and said addi 
tional ?ap, such that said biasing forces cause said locking 
?ap and said additional locking ?ap to engage With said 
main ?ap on opposing sides thereof, thereby, securing said 
main ?ap in position betWeen equal and opposite biasing 
forces. 

17. The method of claim 14, Wherein said raising com 
prises raising said main ?ap through approximately ninety 
degrees. 

18. The method of claim 14, further comprising initially 
manufacturing said locking ?ap, substrate, and main ?ap 
using micro-electromechanical systems (MEMS) technol 
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19. The method of claim 14, Wherein said rotating is 

accomplished by magnetically attracting said locking ?ap to 
a magnetic source. 

20. The method of claim 14, Wherein said raising is 
accomplished by magnetically attracting said main ?ap to a 
magnetic source. 

21. The method of claim 14, Wherein said rotating over 
comes a biasing force caused by a torsion bar that couples 
said locking ?ap to said substrate. 

22. The method of claim 14, Wherein said rotating over 
comes a biasing force caused by a bending mode spring that 
couples said locking ?ap to said substrate. 

23. The method of claim 14, Wherein said raising over 
comes a biasing force caused by a spring-loaded structure 
that couples said main ?ap to said substrate. 

24. The method of claim 14, Wherein said raising over 
comes a biasing force caused by a main ?ap torsion bar that 
couples said main ?ap to said substrate. 

25. The method of claim 14, further comprising translat 
ing said main ?ap along a direction parallel to said substrate 
in a direction normal to said main ?ap. 

26. The method of claim 25, Wherein said translating step 
is caused by a micro-electromechanical system (MEMS) 
spring. 


